Summary
Galectins are fascinating proteins whose explicit functions remain largely unknown albeit their involvement in many vital cellular processes. Central to galectin function is the coordination ofthe carbohydrate ligands, ß-galactosides. As molecular interpreters of structural information encoded in form of carbohydrates, they are able to relay this information to cellular signalling by cross-linking different glycoconjugates, apparently working in both directions, outside-in and inside-out. How exactly galectins decipher the glyco-coding and bind to distinct glycans within the plethora of potentialligands presented by cells, is only just beginning to be understood. Galectins contribute to the modulation of cellular adhesion to the extracellular matrix and of cell-to-cell interactions. Their expression is subject to considerable variation during development and cancer. Many facets of regulation seem to influence the function of galectins, ranging from activity of glycosyltransferases, creating high or low affmity ligands, to concentration dependent formation of multimeric structures and subcellular as well as extracellular recruitment. Multivalency, either by formation of multimeric complexes or by incorporation into a single polypeptide, has profound influence on the action of galectins, rendering them powerful and selective cross-linkers of glycoconjugates. Their propensity to ligate different glycoconjugates on the outer leaflet ofthe cell membrane, strongly affects their functionality and in consequence the composition of membrane microdomains. However, also the inner leafletof the cell membrane contains targets that may alter function and localisation through the action of galectins and potentially have great consequences on the course of cellular development. On the basis of biochemical features, galectins appear to have been constructed as cytoplasmic proteins. Nevertheless, they are frequently found in the extracellular space, as are the majority oftheir targets.
In the present work, the molecular basis of substrate recognition and specificity by a fungal representative, CGL2, are elucidated. Fungi offer many advantageous features to study galectin function in a much simplified system compared to mammals. The sheer number of different galectins present in mammals, more than a dozen identified to date, makes it very difficult to dissect the contribution ofindividual galectins to functions observed in vivo. Two isolectins, CGLI and CGL2, had been identified previously and seen to be developmentally expressed in the basidiomycete Coprinopsis cinerea (inky cap). The X-ray crystal structures ofCGL2 with several substrate glycans reveals how this galectin coordinates substituted ß-galactosides in an extended bindig site. Additional interactions of the substituents on the ß-galactoside with the galectin increase the binding strength by at least two orders of magnitude compared to minimally recognised ligands. The protein undergoes formation of tetrameric multimers with characteristic orientation of the binding clefts. Two neighbouring binding sites in the tetramer are always oriented in opposite directions, rendering the galectin tetramer a molecule ideally suited for cross-linking. Ofutmost importance, the defined orientation of the binding sites imposes strict constraints on ligand selection and coordination. Simultaneous binding of ligands immobilised in the cell membrane or the extracellular matrix by the multimeric galectin drastically increases the net binding strength, potentiated by the number of binding sites involved. The endogenous ligands for the fungal galectins are shown to be lipid-borne glycoconjugates. These receptors are, like the galectin, specifically expressed within distinct fungal fruiting tissues. Furthermore, they are transported to the cell surface in compartments devoid of galectin, keeping the galectin and its ligand strictly separated until they reach the intended destination, the extracellular space, in a controlled manner. Two chapters at the end ofthis work are the result of extensive efforts to create galectin null mutants in C. cinerea. Albeit lack of information about null mutations in this fungus, it is clear that the key to understanding the function of galectins in this model organism lies in understanding the nature and expression ofthe glycoconjugate ligand that ultimately links the binding ofthe galectin to a cellular response. 
